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Temperature rise in a quenching cable-in-conduit 
conductor is strongly affected by thermal contact 
conductance between the bundle and conduit. To evaluate 
this temperature rise, conductance was measured under 
surface pressure at room temperature by using a simple 
technique. 
The cable-in-conduit conductor used in the measurement 
of thermal contact conductance is the same conductor used 
for the inner vertical coil of the LHD. The experimental 
arrangement is schematically presented in Fig. I. The 
lower half of the conduit was cut from the conductor, and 
the lower surface of the bundle, wrapped with tape, was 
attached to a copper block equipped with two heaters. The 
copper block and lower half of the bundle were then 
covered with a fiber-reinforced plastic CFRP) block on a 
load cell. A compressive load of up to 3 kN was applied 
vertically by using a mechanical testing instrument. The 
resulting maximum surface pressure at the upper surface of 
the block was 3.4 MPa. 
To measure conductance, a transient technique was 
applied. First, the copper block was heated to 340 K. After 
shutting off the heat, we observed the decay of 
temperatures in the copper block and the strands touching 
the block using thermocouples CTC # I and #2 in Fig. 4). 
The conductance was evaluated with the following 
equations: 
Cblock dT;~"Ck =-hS(Tblock -T.,rrand)-Qleak' (1) 
where Cblock is the heat capacity, h is the conductance, and S 
is the area of the upper surface of the block. Symbols TbI"k 
and Tstrand represent the temperatures of the block and 
strands, respectively. Heat leakage to the surroundings, 
Qleuk, was measured by replacing the conductor with cotton 
as a thermal insulating materiaJ. 
Fig. 2 shows a typical example of observed temperatures 
and conductance calculated by (I) under a surface pressure 
of3.4 MPa. We can find the region in which the calculated 
conductance is constant and consider the mean value in this 
region to be the actual conductance. In the case of Fig. 2, 
the contact conductance was approximately 2600 
W/Cm'·K). 
All measured data are presented as a function of surface 
pressure in Fig. 3. The results confirm that the contact 
conductance is strongly affected by the surface pressure. 
Therefore, to evaluate temperature rise in a quenching 
conductor, it is necessary to measure conductance under a 
surface pressure equivalent to an electromagnetic force. To 
examine the effect of ambient gas, conductance in an 
atmosphere of. helium was also measured. Helium has 
higher thermal conductivity than air by a factor of six. The 
results are shown as a filled rectangle and triangle in Fig. 3. 
The conductance was found to be affected less by gas than 
by surface pressure. 
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Fig. I. Experimental arrangement for measuring thermal 
contact conductance under surface pressure; Ca) 
cross-sectional and Cb) side view. 
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Fig. 2. Observed temperatures and calculated conductance 
under a surface pressure of3.4 MPa. 
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Fig. 3. Contact conductance as a function of surface 
pressure. 
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